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The present invention discloses a method and device for the mitigation of oode and earner-phase 
muitipath in posting systems by means of interpreting unique positioning signals, received 
through d^erse radio frequency (RF) links, which exhibit substantially equal ranges and unit 
vectors with respect to a roving receiver. The present invention has particular, but not exdusive 
apphcation in positioning technoiogies where precise range information free from mu.tipath 
perturbations is essential for accurate positioning. 

Background to the invention 

Muitipath is an ever-present problem for all RF communications and RF positioning systems It 
causes degraded signal strengths and low data bandwidths for communication systems and 
noisy and inaccurate range measurements for positioning systems. In particular, muitipath in an 
■ndoor environment is very severe, with signals being reflected from most objects including walls 
fumrfure, and people. A number of diversity methods have been developed to mitigate the effects 
of muitipath in communication-based systems. They include spatial, frequency, and polarization 
d^ity. These traditional methods are designed to minimize signal cancellation which is caused 
by the direct and reflected signals interacting in a destructive manner. These prior art systems 
choose the antenna element (spatial and polarization diversity) or frequency (frequency diversity) 
wth the highest signal strength, and then use this signal to demodulate data. They do not 
discriminate in any way between direct and reflected signals. A strong reflected signa. with good 
signal strength will be accepted over a weaker direct signal, with no consideration given to the 
section of signa. arrival. For positioning systems to function correctly, it is vital that the direct 
Ime-o^s ght signa. is measured. This may not necessari.y be the signa. with the highest received 
signal strength. Therefore, traditional prior-art communications-based diversity methods are not 
surted for the mitigation of muitipath in positioning systems. 

Traditional muitipath mitigation methods for positioning systems fall into three broad categories- 
mutopath limiting antennas, over-determined position so.uBons. and Receiver Autonomous 
.ntegnty Monitoring (RAIM). Muitipath limiting antennas shape the receive and/or transmit 
antenna gain pattern to reduce the strength of reflected, off-axis signals. The most common form 
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Therefore a system which disunguishes between direc! and refiected posltianing signais without 
Disclosure of the Invention 

The present invention discioses a method and device for the mitigation of code and carrier-phase 
mult path in posrt.on.ng systems by means of interpreting synchronous unique positioning signals 
receded through diverse radio frequency iinks. which exhibit substantia,, equal ranges and u^ 
vectors wth respect to a receiving device. A piurality of unique positioning signais which are each 

72 22 7 throU9h a separate dlVerse radio f ~ » nk - - 

substanhall equa. ranges and unit vectors with respect to a receiving device, are known as a 
transmrt duster". A transmit cluster is a group of unique positioning signals that are 
synchronously transmitted from substantially the same geometric Nation, whilst still retaining 
rad,o frequency diversity. A single transmitted positioning signal which is received through a 
Piurality. of spatially or polarization diverse antenna eiements (diverse receive radio .inks) and 
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exhibit substantially equal ranges and unit vectors with respect to a receiving device, is known as 
a •receive cluster 1 . A receive cluster is a group of discrete positioning signals that are 
synchronously received from substantially the same geometric location, whilst still retaining radio 
frequency diversity. Radio frequency diversity can be achieved for both transmit and receive 
clusters using either spatial, frequency, or polarization means. In multipath-free conditions a 
cluster allows the measurement of coherent positioning signals (pseudoranges, integrated carrier 
phases, Doppler, and signal strengths) at a roving receiver. This coherence is due to the range 
and unit vector for each positioning signal being substantially equal with respect to the roving 
receiver. However, in multipath conditions, a roving receiver will not measure ail positioning 
signals from a cluster coherently. Positioning signal coherence degrades in multipath due to radio 
frequency link diversity creating disparate multipath reflections, which affect the range 
measurements of each link individually. In the preferred embodiment a roving receiver is 
configured to compare a cluster of unique positioning signals and then select substantially 
coherent positioning signals, such that accurate range measurements can be determined in 
multipath conditions. Accurate position solutions can therefore be calculated once at least three 
transmitters are in-view. 

Embodiment One - Spatially Diverse Transmit duster 

A first embodiment of the present invention discloses a method and device for the mitigation of 
code and carrier-phase multipath in positioning systems by means of transmitting a plurality of 
synchronous unique positioning signals through a plurality of spatially distributed transmit 
antenna elements. All transmit antenna elements are positioned with substantially equal ranges 
and unit vectors with respect to a roving receiver, with each element positioned at a known 
location and transmitting a unique positioning signal. A roving receiver is configured to receive 
and interpret the plurality of transmitted unique positioning signals, so as to mitigate the 
deleterious effect of multipath on positioning accuracy. 

Referring now to Fig.1, there is depicted a Positioning-Unit Device 101 transmitting three 
synchronous unique pseudorandom (PRN) codes 102, 103, & 104 via three spatially distributed 
antenna elements 105, 106, & 107. Each antenna element transmits a unique PRN code. In the 
preferred embodiment, synchronous unique PRN codes are generated simultaneously from the 
Positioning-Unit Device and are transmitted simultaneously from each antenna element. In an 
alternate embodiment, the synchronous unique PRN codes are successively generated within the 
Positioning-Unit Device and are successively transmitted through each antenna element in a time 
division multiple access (TDMA) scheme, such that each element transmits a unique PRN code 
in a unique time slot. 
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There is no minimum element spacing within a spatially distributed cluster, although the closer 
the elements are, the greater the multipath coherence between PRN codes becomes, and the 
less spatial diversity is achieved. The maximum element spacing is dictated by the minimum 
expected rover separation from the positioning-unit device. For optimum results the unit vector 
from each antenna element to the roving receiver must be substantially equal. Therefore a roving 
receiver positioned further away from the positioning-unit device will experience greater similarity 
of the unit vectors compared to a receiver positioned in close proximity. In the preferred 
embodiment a cluster of antenna elements is positioned with a half carrier wavelength spacing 
between elements to maximize the spatial diversity and minimize the unit vector dispersion. At a 
carrier frequency of 2.4GHz, this represents an antenna element spacing in the order of 60mm. 

The first embodiment of the present invention discloses a method and device to mitigate code 
and carrier phase multipath in roving receiver position solutions by: 

A) , A Positioning-Unit Device is configured to transmit a plurality of synchronous unique 

positioning signals from a plurality of spatially distributed antenna elements. The antenna 
elements are placed with substantially equal ranges and unit vectors with respect to a 
roving receiver, with each element situated at a known location and transmitting a unique 
positioning signal. The antenna element spacing is preferably one-half the carrier 
wavelength, and the synchronous unique positioning signals are CDMA codes (i.e. 
individual PRN codes) transmitted on identical carrier frequencies. 

B) A receiver is configured to receive the plurality of synchronous unique positioning signals 
transmitted from the plurality of spatially distributed antenna elements and either: 

i) Supply all received unique positioning signal pseudorange and/or Integrated 
Carrier Phase measurements to the receiver positioning algorithm, ready to 
produce an over-determined position solution once at least three Positioning- 
Unit Devices are in-view, or 

ii) Combine and average all received unique positioning signal pseudorange 
and/or Integrated Carrier Phase measurements to form a single pseudorange 
and/or single Integrated Carrier Phase measurement, ready to produce a 
standard position solution once at least three Positioning-Unit Devices are in- 
view, or 
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iii) Determine the coherence between all received unique positioning signals by 
comparing information selected from the group comprising of pseudoranges, 
Integrated Carrier Phase measurements, Doppler measurements, and 
received signal strengths, to: 



a) select substantially coherent signals for supply to the positioning 
algorithm, ready to produce an over-determined position solution 
once at least three Positioning-Unit Devices are in-view t or 

b) select substantially coherent signals for combining and 
averaging of positioning signals to form a single pseudorange 
and/or a single Integrated Carrier Phase measurement, ready to 
produce a standard position solution once at least three 
Positioning-Unit Devices are in-view, or 

c) select substantially coherent signals and estimate a single 
pseudorange and/or a single Integrated Carrier Phase 
measurement using a "best fit* algorithm, such as a least 
squares regression, or any other suitable estimator algorithm. A 
standard position solution is computed once at least three 
Positioning-Unit Devices are in view. 



Embodiment Two - Frequency Diverse Transmit Cluster 

A second embodiment of the present invention discloses a method and device to mitigate code 
and carrier phase multipath in roving receiver position solutions by; 

A) A Positioning-Unit Device is configured to transmit a plurality of synchronous unique 
positioning signals on a plurality of frequencies, with each unique positioning signal being 
transmitted on its own unique frequency. The plurality of positioning signals are 
transmitted through a single antenna element placed at a known location. Preferably the 
unique positioning signals are CDMA codes (i.e. individual PRN codes) transmitted on 
individual carrier frequencies. 

B) A receiver is configured to receive the plurality of unique positioning signals transmitted 
on the plurality of frequencies and either: 
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i) Supply all received unique positioning signal pseudorange and/or Integrated 
Carrier Phase measurements to the receiver positioning algorithm, ready to 
produce an over-determined position solution once at least three Positioning- 
Unit Devices are in-view, or 

ii) Combine and average all received unique positioning signal pseudorange 
and/or Integrated Carrier Phase measurements to form a single pseudorange 
and/or single Integrated Carrier Phase measurement, ready to produce a 
standard position solution once at least three Positioning-Unit Devices are in- 
view, or 

iii) Determine the coherence between all received unique positioning signals 
by comparing information selected from the group comprising of 
pseudoranges, Integrated Carrier Phase measurements, Doppler 
measurements, and received signal strengths, to: 

a) select substantially coherent signals for supply to the positioning 
algorithm, ready to produce an over-determined position solution 
once at least three Positioning-Unit Devices are in-view, or 

b) select substantially coherent signals for combining and 
averaging of positioning signals to form a single pseudorange 
and/or a single Integrated Carrier Phase measurement, ready to 
produce a standard position solution once at least three 
Positioning-Unit Devices are in-view, or 

c) select substantially coherent signals and estimate a single 
pseudorange and/or a single Integrated Carrier Phase 
measurement using a "best fit" algorithm, such as a least 
squares regression, or any other suitable estimator algorithm. A 
standard position solution is computed once at least three 
Positioning-Unit Devices are in view. 



Embodiment Three -Polarization Diverse Transmit duster 

A third embodiment of the present invention discloses a method and device to mitigate code and 
carrier phase multipath in roving receiver position solutions by: 
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A) A Positioning-Unit Device is configured to transmit a plurality of synchronous unique 
positioning signals from a plurality of orthogonally polarized antenna elements. The 
antenna elements are placed with substantially equal range and unit vectors with respect 
to all roving receivers, with each element situated at a known location and transmitting a 
unique positioning signal. Preferably the antenna elements are placed closely together, 
and the unique positioning signals are CDMA codes (i.e. individual PRN codes) 
transmitted on identical carrier frequencies. 

B) A receiver is configured to receive the plurality of unique positioning signals transmitted 
from the plurality of orthogonally polarized antenna elements and either: 

i) Supply all received unique positioning signal pseudorange and/or Integrated 
Carrier Phase measurements to the receiver positioning algorithm, ready to 
produce an over-determined position solution once at least three Positioning- 
Unit Devices are in-view, or 

ii) Combine and average ail received unique positioning signal pseudorange 
and/or Integrated Carrier Phase measurements to form a single pseudorange 
and/or single Integrated Carrier Phase measurement, ready to produce a 
standard position solution once at least three Positioning-Unit Devices are in- 
view, or 

iii) Determine the coherence between all received unique positioning signals 
by comparing information selected from the group comprising of 
pseudoranges, Integrated Carrier Phase measurements, Doppler 
measurements, and received signal strengths, to: 

a) select substantially coherent signals for supply to the positioning 
algorithm, ready to produce an over-determined position solution 
once at least three Positioning-Unit Devices are in-view, or 

b) select substantially coherent signals for combining and 
averaging of positioning signals to form a single pseudorange 
and/or a single Integrated Carrier Phase measurement, ready to 
produce a standard position solution once at least three 
Positioning-Unit Devices are in-view, or 
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c) select substantially coherent signals and estimate a single 
pseudorange and/or a single Integrated Carrier Phase 
measurement using a "best fit* algorithm, such as a least 
squares regression, or any other suitable estimator algorithm. A 
standard position solution is computed once at least three 
Positioning-Unit Devices are in view. 

Embodiment Four- Spatially Diverse Receive Cluster 

The present invention also discloses a method and device for the mitigation of code and carrier- 
phase multipath in positioning systems by means of receiving a unique positioning signal through 
a plurality of spatially distributed receive antenna elements. All receive antenna elements are 
positioned with substantially equal unit vectors with respect to the transmitted signal (preferably 
all receive antenna elements are positioned one-half carrier wavelength, or less, apart), with each 
element positioned in a known relation to one another and individually receiving the same unique 
positioning signal. The receiver is configured to individually receive, track, and interpret the 
plurality of discrete positioning signals, so as to mitigate the deleterious effect of multipath on 
positioning accuracy. 

The fourth embodiment of the present invention discloses a method and device to mitigate code 
and carrier phase multipath in roving receiver position solutions by: 

A) A Positioning-Unit Device is configured to transmit a single positioning signal from a 
single antenna. The antenna is situated at a known location and transmitting a unique 
positioning signal. 

B) A receiver is configured to receive the unique positioning signal through a plurality of 
spatially distributed antenna elements. Each antenna element is connected to a discrete 
receiver path, with each receiver path being synchronized from a common clock. 
(Alternatively, each antenna element is successively switched to different receive 
channels within a single receiver path.) The plurality of discrete receiver paths creates a 
plurality of discrete pseudorange, Integrated Carrier Phase, Doppler, and signal strength 
measurements from the single transmitted positioning signal. The receiver is configured 
to receive the plurality of discrete positioning signals through the plurality of spatially 
distributed antenna elements and either: 
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i) Supply all received discrete positioning signal pseudorange and/or Integrated 
Carrier Phase measurements to the receiver positioning algorithm, ready to 
produce an over-determined position solution once at least three Positioning- 
Unit Devices are in-view, or 

ii) Combine and average all received discrete positioning signal pseudorange 
and/or Integrated Carrier Phase measurements to form a single pseudorange 
and/or single Integrated Carrier Phase measurement, ready to produce a 
standard position solution once at least three Positioning-Unit Devices are in- 
view, or 

iii) Determine the coherence between all received discrete positioning 
signals by comparing information selected from the group comprising of 
pseudoranges, Integrated Carrier Phase measurements, Doppler 
measurements, and received signal strengths, to: 

a) select substantially coherent signals for supply to the positioning 
algorithm, ready to produce an over-determined position solution 
once at least three Positioning-Unit Devices are in-view, or 

b) select substantially coherent signals for combining of positioning 
signals to form a single pseudorange and/or a single Integrated 
Carrier Phase measurement, ready to produce a standard 
position solution once at least three Positioning-Unit Devices are 
in-view, or 

c) select substantially coherent signals and estimate a single 
pseudorange and/or a single Integrated Carrier Phase 
measurement using a "best fit" algorithm, such as a least 
squares regression, or any other suitable estimator algorithm. A 
standard position solution is computed once at least three 
Positioning-Unit Devices are in view. 

embodiment Five - Polarization Diverse Receive Cluster 

The present invention discloses a method and device for the mitigation of code and carrier-phase 
multipath in positioning systems by means of receiving a unique positioning signal through a 
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iii) Determine the coherence between all received discrete positioning 
signals by comparing information selected from the group comprising of 
pseudoranges, Integrated Carrier Phase measurements, Doppler 
measurements, and received signal strengths, to: 

a) select substantially coherent signals for supply to the positioning 
algorithm, ready to produce an over-determined position solution 
once at least three Positioning-Unit Devices are in-view, or 

b) select substantially coherent signals for combining of positioning 
signals to form a single pseudorange and/or a single Integrated 
Carrier Phase measurement, ready to produce a standard 
position solution once at least three Positioning-Unit Devices are 
in-view, or 

c) select substantially coherent signals and estimate a single 
pseudorange and/or a single Integrated Carrier Phase 
measurement using a "best fit" algorithm, such as a least 
squares regression, or any other suitable estimator algorithm. A 
standard position solution is computed once at least three 
Positioning-Unit Devices are in view. 



Receiver Interpretation 

A receiver is configured to receive and interpret a plurality of unique and/or discrete positioning 
signals (preferably CDMA pseudorandom codes) received from positioning signal clusters. The 
receiver assigns a number of receive channels equal to the number of positioning signals to be 
tracked. It then autonomously tracks information selected from the group comprising of unique 
PRN code pseudorange, discrete PRN code pseudorange, Integrated Carrier Phase, Doppler 
measurement and signal strength measurement, received from each radio frequency link. This 
autonomous tracking of selected PRN code pseudoranges allows independent measurement of 
all positioning signals from a cluster, without any measurement being corrupted by another. The 
receiver subsequently processes the received measurements in one of the following manners: 

Receiver Embodiment One 

In a first receiver embodiment of the present invention, the roving receiver supplies received 
information selected from the group comprising of unique PRN code pseudorange, discrete PRN 
code pseudorange and Integrated Carrier Phase, to the receiver positioning algorithm. The 
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receiver positioning algorithm subsequently uses all available positioning signals to produce an 
over-determined position solution once at least three Positioning-Unit Devices are in-view. 

Receiver Embodiment Two 

In a second receiver embodiment of the present invention, the roving receiver calculates the 
mean of all information, selected from the group comprising of unique PRN code pseudorange, 
discrete PRN code pseudorange and Integrated Carrier Phase, which is received from a cluster 
and forms a low noise single pseudorange and/or a low noise single Integrated Carrier Phase 
measurement. The low noise pseudorange and Integrated Carrier Phase measurements are 
subsequently passed to the position algorithm, ready to determine a position solution once at 
least three Positioning-Unit Devices are in-view. 

Receiver Embodiment Three 

In a third receiver embodiment of the present invention, a preprocess algorithm within the position 
receiver determines coherence of range measurements received from a cluster, and passes 
substantially coherent range measurements to the receiver positioning algorithm. Substantially 
coherent positioning signals are signals that produce similar pseudorange, integrated carrier 
phase, Doppler, and signal strength measurements in a position receiver within predetermined 
tolerance values. For example, tolerance values may be configured such that measured 
pseudoranges within 5 metres of one another are deemed code-coherent. Integrated Carrier 
Phase measurements that are within 0.25 cycles of one another are deemed carrier-coherent, 
earner DCO values that are within 0.1 Hertz of one another are deemed Doppler-coherent, and 
received signal strengths that are within 2dB of one another are deemed signal strength- 
coherent. 

A comparison of PRN codes is undertaken by the preprocess algorithm to determine coherency 
between pseudoranges, Integrated Carrier Phase measurements, Doppler measurements (i.e. 
earner DCOs), and signal strength measurements. Signals deemed substantially coherent are 
passed to the positioning algorithm. Signals deemed non-coherent are assumed to be affected by 
multipath and are eliminated from the range measurement The receiver positioning algorithm 
subsequently uses all substantially coherent positioning signals from at least three Positioning- 
Unit Devices in-view to produce an over-determined position solution. 

Receiver Embodiment Four 

In a fourth receiver embodiment of the present invention a preprocess algorithm within the 
position receiver determines coherence of range measurements received from a cluster, and 
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calculates the mean of all substantially coherent range measurements before passing a low noise 
single range measurement to the position algorithm. A comparison of PRN codes is undertaken 
by the preprocess algorithm to determine coherency between pseudoranges, Integrated Carrier 
Phase measurements, Doppler measurements, and signal strength measurements. Signals 
deemed substantially coherent are combined to form a single low noise range measurement. 
Signals deemed non-coherent are assumed to be affected by multipath and are eliminated from 
the range measurement. A low noise pseudorange and/or Integrated Carrier Phase measurement 
is subsequently passed to the position algorithm, ready to determine a position solution once at 
least three Positioning-Unit Devices are in-view. 

Receiver Embodiment Five 

In a fifth receiver embodiment of the present invention, a preprocess algorithm within the position 
receiver determines coherence of range measurements received from a cluster, and 
subsequently estimates the "best fit" range measurement from substantially coherent positioning 
signals before passing a single pseudorange and/or Integrated Carrier Phase measurement to 
the position algorithm. A comparison of PRN codes is undertaken by the preprocess algorithm to 
determine coherency between pseudoranges, Integrated Carrier Phase measurements, Doppler 
measurements, and signal strength measurements. All substantially coherent measurements are 
passed to an estimator algorithm to determine a "best fit" range measurement. The estimator may 
include any appropriate mathematical algorithm which produces a "best fit" solution, such as, for 
example, a least squares regression. The "best fit" pseudorange and/or Integrated Carrier Phase 
measurement is subsequently passed to the position algorithm, ready to determine a position 
solution once at least three Positioning-Unit Devices are in-view. 

Receiver Embodiment Six 

In a sixth receiver embodiment of the present invention, a preprocess algorithm within the 
position receiver estimates the "best fit" range measurement received from a cluster, before 
passing a single pseudorange and/or Integrated Carrier Phase measurement to the position 
algorithm. All pseudoranges, Integrated Carrier Phase measurements, Doppler measurements, 
and signal strength measurements from a cluster are passed to an estimator algorithm to 
determine a "best fit" range measurement. The estimator may include any appropriate 
mathematical algorithm which produces a "best fit" solution, such as, for example, a least squares 
regression. The "best fit" pseudorange and/or integrated Carrier Phase measurement is 
subsequently passed to the position algorithm, ready to determine a position solution once at 
least three Positioning-Unit Devices are in-view. 
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Receiver Embodiment Seven 

In a seventh receiver embodiment of the present invention, the roving receiver supplies all 
received positioning signals (preferably pseudoranges, Integrated Carrier Phase measurements, 
Doppler measurements, and signal strength measurements) to the receiver positioning algorithm, 
which employs a specific and optimized RAIM (Receiver Autonomous Integrity Monitoring) 
algorithm. With at least three Positioning-Unit Devices in-view the RAIM algorithm selects the 
best positioning signals from each Positioning-Unit Device and subsequently uses these "best fit" 
signals in the position solution. 

Receiver Embodiment eight 

In an eighth receiver embodiment of the present invention, the roving receiver supplies all 
received positioning signals (preferably pseudoranges, Integrated Carrier Phase measurements, 
Doppler measurements, and signal strength measurements) from all positioning-unit devices in- 
view to an estimator. The estimator may include any appropriate mathematical algorithm which 
produces a "best fit* solution, for example a Kalman Filter. The estimator estimates the best 
range measurement from each positioning-unit device using all pseudorange, Integrated Carrier 
Phase, Doppler, and signal strength measurements once at least three Positioning-Unit Devices 
are in-view. 

Carrier DCO 

Within the scope of the present invention, particular attention is given to the carrier digital 
controlled oscillator (DCO) value of each tracking channel. The carrier DCO tracks and measures 
the velocity of the roving receiver relative to the transmitter (known as Doppler) and it also 
measures receiver clock drift. All Doppler measurements from a cluster will be identical in a 
multipath-free environment, irrespective of the common-mode receiver clock drift. In multipath 
environments the carrier DCOs (i.e the carrier tracking loops) are easily destabilized due to the 
large fluctuations in phase and signal power caused by reflected signals combining in 
constructive and destructive manners. Armed with the knowledge that all DCO values from a 
cluster will be substantially equal in a multipath-free environment, it is possible to accurately 
estimate the correct DCO value in multipath conditions by comparing all DCO values from a 
cluster and determining a "best fit" DCO value, each measurement epoch. This best fit DCO 
value is subsequently used to generate the Integrated Carrier Phase measurement, which is used 
to determine an accurate change-in-range measurement. 
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and tracing the same transmitted un, gU e posing sfcnai. Receive ,reguenc y *£ZZ 



15 



£12 ' ^ * ^ S '" Ch,0n ° US * have been 

tamMM on a piuraiity of frequencies. Receive poierizauon divert requires . JL„ " 

-Wf Poland anfenna 0,0.00. to be pfcced cioseiy together (pre L y " ^ ~ 
ft. -mr wave,eng,h>. „i,h each atemen, individual ^celvlng and b**^ „ IVull 

n.roduced ,0 generate even greater diva**. For errampie. . cluster of 8patial|y 
antenna elemente wHh unique poiarizaUon charaaedsucs nay each reeave a iTalt 
posiSonlngalgnalsonaplu^lI.voffroduonclas * % ^ """"" 



Transmitted Spatia! Diversity 

spaced antenna elements (preferably spaced at one-half of 

«~*» cohere* P-^'JU. .JT^ZT «~> — 
no™, a, a roving r^fcec ™. c^nc. , 5 J^. ^171^ 
each antenna eienrent to the «*, race,,., ^ substantla| ^ * 
en_ the un*ue synches posiboning slg „a,s frans^d ^ J^^. 

*t * a " eXh " > " — ^ Carrier Phase, andtna 

sfrengfh measurements a, mo roving recent. This non-cohereoce is dee to ,„e r^cTe 
measunng differen, tested patn signais fmuitipam, from each antenna J^h Z 
coined w,,n the, respective direct signais. cause d„e re n. range and ^T^Z 
measurements far each popping ^ Tne amou „, „ ^^J^ ^ ' ^ 
Signals depends upon .ho severity of (ho multlpath environment 9 

Receive Spatial Diversity 

A unique positioning signal received at a rovina receiver th^..«k . . 

nrrt t at — «™~ s r rrr; 
rr rtzr =rrr rrrrr/ r: 

subset, coherent pseado.nge. ,„,eg rate d Carder Phase, o^. J, 

7*" eteme "' to *• <»-»«- being substantia,* equai. fWe, in a ZZh 
on_, fhe discrofe ppsifioning eigne* .ceived bqm U» J"^^ 

:~: ~rrrr 'r ,aa °* - « r - 
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CO*** «h tort, respeoth , e dIrect ^ ^ dweren( 

nr . eacn pos " ton,n9 s,9nai ^ amoun * * ^ ~ 

signals depends upon the severity of the multipath environment. 
Transmit & Receive Spatial Diversity 

Unique synchronous positioning signais transmitted in a multipath-free environment from cioseiy 
spaced antenna e.ements (preferabiy spaced a, one-ha.f of the carrier waveiength), and received 
at a rcng receiver through Cose* spaced receive antenna eiements (preferabiy spaced at one- 
half of the earner waveiength) which are individual interpreted through separate receive 
channels, creates a p, ura .ity of unique and discrete positioning signais which exhibit substantially 
coherent pseudorange. .ntegrated Carrier Phase (,CP). Doppier, and signa. strength 
measurements. This coherence is due to the un* vector and distance between transmit and 
recede antenna eiements being substantiaiiy equal However, in a muitipath environment the 
un-que and d,screte positioning signals exhibit non-coherent pseudorange, .ntegrated Carrier 
Phase and signa. strength measurements a, the roving receiver. This non-coherence is due to the 
rovng receiver measuring different reflected path signais (mulhpath) for each receive and 
^ansm antenna eiement which, when combined with their respective direct signals, cause 
drfferent range and signa. strength measurements for each positioning signal. The amount of non- 
coherence between positioning signals depends upon the severity of the multipath environment. 

FurtHer Diversity Embedments The present invention may further embody any combination of 
the above described diverse RF .ink methods for increased diversity. For examp.e. the present 
■nventron d.scloses a method and device for the mitigation of code and carrier-phase mu.tipath in 
pos.hon.ng systems by means of a positioning-unit device transmitting a piura.ity of synchronous 
un,que posrhomng signais through a p,ura.i»y of spatially distributed transmit antenna elements 
All transm,t antenna elements are positioned with substantially equa. unit vectors with respect to 
a rovmg receive, with each element positioned at a known .ocation and Emitting a unique 
pos.t.on.ng s,gna.. The roving receiver receives the p.urality of transmitted unique positioning 
signals through a plurality of spatially distributed receive antenna element, A., receive antenna 
eiements are positioned with substantiaiiy equa. unit vectors with respect to the transmitted 
un,que pos,t,on,ng signa.. with each e.ement positioned in a known relation to one another and 
rece^ng the same unique positioning signais. The roving receiver is configured to receive and 
interpret me p.ura.ity of unique positioning signals transmitted from the piurality of spatiaHy 
debated transmit antenna eiements. and is also configured to receive and interpret the pL.ity 
o d.screte posting signals received from the p.ura.ity of spatiaHy distributed receive antenna 
eiements, so as to mitigate the deteterious effect of mu,tipath on positioning accuracy 
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Single Frequency Diversity Combinations 

With single frequency diversity combinations, the roving receiver receives and interprets a 
Plurality of un lq ue positioning signais transmitted from a transmitter Custer, and a.so receives and 
nterprets a pturaNty of discrete positioning signais received from its own receiver cluster Single 
frequency diversity combinations include: 

• A spatially diverse transmitter cluster transmitting a p,ura.ity of unique positioning signals 
to a spatially diverse receiver cluster. 

• A spatiaily diverse transmitter duster transmitting a plurality of unique positioning signals 
to a polarization diverse receiver cluster. 

• A polarization diverse transmitter cluster Emitting a plurality of unique positioning 
signals to a polarization diverse receiver cluster. 

• A polarization diverse transmitter cluster transmitting a plurality of unique positioning 
signals to a spatially diverse receiver cluster. 

Furthermore, the present invention a.lows for any combination of transmit diversity methods 
which may include: ' 

A spatially diverse transmitter duster combined with a frequency diverse transmitter duster 

transmitting a plurality of unique positioning signals to a multi-frequency receiver 

A po|ariza«i6n diverse transmitter Custer combined with a frequency diverse transmitter duster 

transmitting a plurality of unique positioning signals to a multi-frequency receiver 

A spatially diverse transmitter Custer combined with a poiarization diverse transmitter duster 

transmittmg a plurality of unique positioning signals to a single frequency receiver 

A spatially diverse transmitter cluster combined with a frequency diverse transmitter duster 

combmed w,th a polarization diverse transmitter duster transmitting a plurality of unique 

positioning signals to a multi-frequency receiver. 

Multipath Severity Indicator 

The level of non-coherence of positioning signa.s measured from a cluster can a.so be used as a 
mu, pat seventy indicator (MSI). Low levels of coherence indicates heavy muitipath. and high 

m l* 77 i0diCate ^ mUltiPath " A r ° Vin9 reCe,Ver Can USe the MS ' * ermine 
mu tipath seventy from each positioning-unit device before seiecting the best set of positioning- 

unlt deuces (i.e the Positioning-Unit Devices least affected by multipath) to provide to the position 
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Cycle Slip Detection & Repair 

Non-coherence of positioning signals from a cluster also provides a robust carrier cycle slip 
detection method. Cycle slips are detected by comparing positioning signals from a duster and 
identifying half or who.e cycle step functions in the Integrated Carrier Phase measurements 
and/or identifying 'spikes' in the earner DCO values, and/or identifying 'spikes' in the 
pseudorange measurements, and/or identifying abrupt signal strength fades. When a cycle slip is 
detected it is a simple matter of correcting the Integrated Carrier Phase measurement of the 
offending channe. the requisite number of half cycles to bring it back into agreement with the 
Integrated Carrier Phase measurements of the other positioning signals within the cluster. 

r will of course be realized that whilst the above has been given by way of an illustrative example 
« ft. .nvenhon, al. such and other modifications and variations hereto, as would be apparent to 
persons skilled in the art, are deemed to fall wKhin the broad scope and ambit of this invention as 
is nerein set forth. 
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